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Fossil  energy  depletion  and  fight  against  climate  change  force  humanity  to  decarbonize  the  economy.  By 
year  2050  C02  emissions  will  have  to  reduce  globally  at  least  85%,  and  probably  over  95%  in  developed 
countries. 

The  modeling  of  the  transportation  of  people  and  commodities  in  the  Basque  Autonomous  Commu¬ 
nity  (Spain)  in  year  2008  has  allowed  us  to  draw  some  conclusions  about  the  challenges  ahead.  The 
exploration  of  several  scenarios  modeled  in  order  to  reduce  energy  consumption  in  transport  shows 
that  mobility  in  a  decarbonized  world  will  have  to  be  more  efficient,  electrified  when  moving  people 
and  freight  on  land,  based  on  renewable  generation,  and  organized  in  such  a  way  that  guarantees  very 
high  occupancies  of  vehicles.  All  these  elements  will  be  indispensable,  and  even  not  sufficient  if  they  are 
still  not  complemented  with  a  reduction  of  mobility  in  absolute  terms,  so  that  economic  transportation 
intensity— the  ratio  between  transportation  and  whole  economic  activity— recovers  to  levels  seen  in  the 
world  four  decades  ago,  prior  to  the  development  of  present  hypermobility. 
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1.  Introduction 

Humanity  is  facing  an  enormous  double  threat  that  inevitably 
compels  us  to  consume  much  less  energy.  The  International  Energy 
Agency  (IEA)  has  recently  asserted  that  global  crude  oil  output 
probably  reached  its  all-time  peak  of  70  Mb/d  in  2006  [1],  as  cur¬ 
rently  producing  oilfields  show  a  declining  rate  of  almost  6%  per 
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year  that  can  be  hardly  offset  with  new  capacity  [2].  On  the  other 
hand,  the  International  Community  has  acknowledged  that,  in 
order  to  avoid  a  catastrophic  climate  change  of  unexpected  con¬ 
sequences,  it  is  essential  to  hold  the  increase  in  global  temperature 
below  2°C  [3].  Scientific  research  suggests  that  a  target  for  the 
stabilization  of  atmospheric  C02  should  be  set  not  over  350  ppm 
[4].  A  detailed  analysis  of  the  emission  trajectories  for  stabiliza¬ 
tion  developed  by  the  IPCC  in  its  4th  Report  [5]  allows  to  conclude 
that  humanity  is  forced  to  reduce  C02  emissions  by  85%  by  2050, 
and  developed  countries  by  95%.  As  61.4%  of  world  oil  production 
is  consumed  in  the  transport  sector  [6]— oil  accounts  for  93.5%  of 
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the  energy  consumed  worldwide  for  transportation—,  the  conse¬ 
quences  imposed  by  energy  scarcity  and  climate  change  mitigation 
will  be  enormous  in  that  sector.  It  is  urgent  to  reduce  energy  con¬ 
sumption  in  transportation;  but  which  are  the  options  offered  by 
technology  and  urban  management  in  order  to  reach  such  ambi¬ 
tious  figures,  and  their  respective  potential  reductions? 

A  number  of  recent  publications  have  tried  to  answer  these 
questions  from  the  perspective  of  specific  countries  and  specific 
transport  sub-sectors.  For  example,  Ashina  et  al.  [7]  propose  a 
roadmap  to  achieve  an  80%  reduction  in  C02  emissions  in  Japan  by 
2050,  with  a  reduction  between  74%  and  94%  in  the  transport  sec¬ 
tor.  But  prospects  are  very  dependent  on  policy  and  socio-economic 
conditions.  Another  study  from  Thailand  [8]  concludes  that  fuel 
switching  and  highly  energy  efficient  cars  would  mitigate  emis¬ 
sions  in  that  country  by  just  3.3%  by  2030  when  compared  to  a 
reference  scenario,  in  which  the  transport  sector  would  more  than 
triple  2008  consumption  levels.  In  Malaysia,  Ong  et  al.  [9]  iden¬ 
tify  an  emissions  reduction  potential  for  road  transport  of  almost 
13%  when  a  combination  of  mitigation  strategies— shift  to  public 
transport  and  natural  gas,  vehicle  renewal— is  applied  to  just  10% 
of  transport  demand  in  2007.  For  the  road  transport  sector  in  China, 
according  to  Ou  et  al.  [10]  the  use  of  alternative  vehicles  and  fuels 
could  allow  to  reduce  greenhouse  gas  (GHG)  emissions  by  27.6%  by 
2050;  Huo  et  al.  [11]  increase  that  figure  up  to  42%,  and  another 
work  [12]  gives  a  39.9%  reduction  by  2030  with  a  combination  of 
efficiency,  technology  and  policy  measures.  All  studies  for  China, 
however,  consider  reference  scenarios  in  which  energy  demand 
form  road  transport  will  more  than  quintuple  by  2050. 

For  Canada,  Steenhof  et  al.  [13]  state  that  using  hydrogen  and 
electric  vehicles  for  passenger  transportation,  combined  with  a 
decarbonized  electricity  grid,  could  decrease  total  C02  equivalent 
emissions  by  31%  in  2050  when  compared  to  a  reference  scenario, 
although  still  maintaining  emissions  6%  above  2005  levels. 

In  the  European  Union  (EU),  Mattila  and  Antikainen  [14]  have 
identified  technological  options  for  reducing  GHG  emissions  in 
long  distance  freight  transport  by  80%,  mainly  by  improving  vehi¬ 
cle  and  engine  efficiency,  and  using  alternative  fuels.  Pasaoglu 
et  al.  [15]  consider  that  passenger  road  transport  emissions  in  EU- 
27  can  decrease  by  35-57%  when  compared  to  2010  levels,  with 
a  combination  of  alternative  fuels,  technological  improvements, 
deployment  of  hybrids,  battery-electric,  plug-in  hybrid  and  fuel  cell 
vehicles,  decarbonization  of  electricity  and  a  hydrogen  mix. 

Another  interesting  reference  about  the  potentials  for  energy 
consumption  and  emissions  reductions,  in  this  case  worldwide,  is 
the  Energy  [Revolution  2010  outlook  report  fromTeske  et  al.  [16], 
in  which  they  try  to  demonstrate  the  feasibility  of  reducing  energy 
demand  by  15%  in  the  transport  sector  from  2007  to  2050,  while 
increasing  the  renewable  energy  share  from  a  low  2%  in  2007  up 
to  almost  70%  by  2050.  This  work  assumes  increased  use  of  pub¬ 
lic  transport,  a  faster  uptake  of  efficient  combustion  and  electric 
vehicles,  and  less  vehicle  use  and  important  lifestyle  changes. 

2.2.  Analysis  of  scenarios  in  the  Basque  Autonomous  Community 

This  work  will  examine  several  options  offered  by  technology 
and  urban  management  in  order  to  reduce  energy  consumption 
and  emissions,  and  their  respective  potential  reductions,  referring 
to  the  case  of  the  transport  sector  in  the  Basque  Autonomous  Com¬ 
munity  (BAC),  in  the  north  of  Spain. 

The  BAC,  as  a  region  of  an  EU  member  (Spain),  is  absolutely  con¬ 
ditioned  by  European  policies.  Recently,  the  European  Council  has 
reconfirmed  the  EU  objective  of  reducing  GHG  emissions  by  80-95% 
by  2050  compared  to  1990  levels  [17].  The  European  Commission 
has  also  approved  a  Roadmap  to  a  Single  European  Transport  Area 
[18],  with  initiatives  aimed  at  achieving  a  60%  GHG  emission  reduc¬ 
tion  in  transport  by  the  middle  of  the  century.  These  initiatives 


would  imply  the  phase  out  of  conventionally  fueled  cars  in  urban 
transport  by  that  time,  and  a  significant  reduction  of  oil  imports. 

These  plans  ought  to  be  implemented  at  national  levels.  The  use 
of  biofuels  and  the  decrease  in  mobility  are  addressed,  for  exam¬ 
ple,  as  effective  measures  to  slightly  reduce  C02  emissions  in  the 
metropolitan  area  of  Madrid  (capital  of  Spain)  in  the  very  short 
term  [19].  Another  study  [20]  identifies  a  potential  for  a  70%  reduc¬ 
tion  of  the  emissions  in  the  Spanish  transport  sector  by  2020  with 
respect  to  a  reference  scenario,  and  50%  below  2004  levels.  Sadly, 
current  policies  in  Spain  are  not  that  ambitious.  The  Action  Plan  on 
Energy  Efficiency  and  Energy  Savings  [21],  approved  by  the  Span¬ 
ish  Government  in  July  2011,  sets  the  objective  to  reduce  energy 
consumption  in  transportation  by  19.9%  in  2020,  when  compared 
to  a  reference  scenario,  but  still  assuming  that  more  energy  would 
be  consumed  in  transport  in  that  year  than  in  2004  (1.1%  more). 

Unfortunately,  the  regional  Government  of  the  Basque  Coun¬ 
try  in  not  much  more  ambitious  than  the  Spanish.  In  its  recently 
approved  Energy  Strategy  for  2020  [22],  it  sets  the  aim  to  reach 
a  share  of  oil-alternative  fuels— renewable  electricity,  biofuels— in 
road  transport  of  just  15%  in  2020,  and  of  40%  in  2030. 

This  work  will  explore  six  different  medium-term  scenarios  for 
deep  energy  consumption  reductions  in  the  transport  sector  in 
the  BAC,  based  on  the  available  data  provided  by  local  adminis¬ 
trations  for  year  2008,  and  based  on  five  particular  options— the 
sixth  scenario  is  a  combination  of  all  examined  options— which, 
although  ambitious,  could  be  achievable,  based  on  recently  pub¬ 
lished  state-of-the-art  studies.  In  particular,  this  work  will  explore 
the  consumption  reductions  offered  by:  a  vigorous  effort  in  effi¬ 
ciency  during  the  next  decade;  a  massive  electrification  of  land 
transport  vehicles;  supply  of  electricity  from  renewable  energy 
sources;  a  strong  commitment  to  public  transportation  of  people; 
an  important  reduction  of  transport  intensity  as  a  consequence  of 
relocalization  of  the  economy;  and  a  combination  of  all  previous 
factors. 


2.  Transport  in  the  Basque  Autonomous  Community  in 
2008 

With  a  surface  of  7534  km2  and  a  population  of  2.1  million 
inhabitants,  the  population  density  in  the  BAC  (283 p/km2)  is 
among  the  highest  ones  in  the  EU  [23].  The  BAC  is  made  up  of  three 
provinces— Bizkaia,  Araba  and  Gipuzkoa— with  a  high  competence 
level  for  fiscal  issues,  infrastructure  management  and  transport 
policies.  The  economy  of  the  BAC  is  completely  integrated  with  the 
Spanish,  and  presents  a  very  important  import/export  exchange 
with  the  rest  of  the  EU  and  other  nations,  based  on  a  very  dense 
communications  and  transportation  network  with  surrounding 
territories,  not  only  by  road  and  railway,  but  also  by  means  of 
its  three  airports— one  in  each  province— and  its  two  commercial 
seaports— in  both  maritime  provinces,  Bizkaia  and  Gipuzkoa.  The 
urban  landscape  of  the  BAC  is  often  described  as  a  polynuclear  sys¬ 
tem  of  cities,  in  which  the  capitals  of  the  Basque  provinces  sum  up 
two  thirds  of  the  total  population,  and  the  other  third  is  quite  evenly 
distributed  among  smaller  and  hierarchically  dependent  towns  and 
villages.  This  territorial  design  gives  way  to  a  territorial  organi¬ 
zation  in  which  each  of  the  provinces  is  further  subdivided  into 
comarcas ,  each  with  several  small  towns. 

Annual  transport  statistics  allow  to  characterize  with  high  detail 
the  transportation  of  freight  and  people  throughout  the  territory. 
In  particular,  our  work  is  based  on  the  data  provided  for  year  2008 
by  OTEUS,  the  Observatory  for  Transport  of  the  BAC,  dependent 
on  the  Basque  Government  [24].  The  data  provided  by  that  report 
has  been  complemented  with  other  data  provided  by  the  Basque 
Energy  Agency  (EVE),  also  dependent  on  the  Basque  Government, 
altogether  with  other  data  from  specific  companies  of  the  transport 
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sector— metro,  railway  and  others  [25,26].  In  order  to  know  how 
is  energy  consumed  in  the  transport  sector  in  the  Basque  Coun¬ 
try  we  have  crossed  available  data  both  for  transportation  demand 
and  energy  consumption  for  year  2008  in  the  BAC.  Quite  alarm¬ 
ingly,  this  process  has  uncovered  some  serious  deficiencies  related 
to  transport  and  energy  statistics  in  the  BAC. 

In  general,  the  energy  consumption  of  vehicles  can  be  calculated 
by  (1 )  when  they  transport  people: 

£f[MJ]  =  People  [person]  x  Journey  [km] 

Fuel  Economy [MJ/km] 

Vehicle  Capacity  [person]  x  Occupancy[%] 

And  by  (2)  when  they  transport  commodities: 

Ef[MJ]  =  Freight  [t]  x  Journey  [km] 

Fuel  Economy  [MJ/km]  ^ 

X  Vehicle  Capacity  [t]  x  Loading  [%] 

This  way,  the  calculation  of  energy  consumption  in  transport 
demands  knowing  not  only  what  travels  and  how  far,  but  also  vehi¬ 
cle  consumption,  which  in  turn  depends  on  vehicle  capacity  and 
loading. 

Left  aside  for  a  moment  vehicle  consumption  data,  the  first 
amazing  fact  about  transportation  information  in  the  BAC  is  that 
it  is  commonly  reported  in  a  way  that  makes  it  impossible  to 
directly  derive  any  accurate  consumption  estimation.  Most  of  the 
transportation  data  is  reported  just  as  passengers  [p]  or  tonnes  of 
freight  [t],  without  any  reference  to  the  distance  traveled.  Fortu¬ 
nately,  the  movement  of  people  is  usually  classified  by  the  length 
of  the  journey— intracomarcal,  interprovincial,  and  so  on—,  and  in 
the  case  of  freight  movement  some  information  is  often  available 
about  destinations.  Based  on  it,  a  detailed  accounting  of  people  and 
freight  transportation  has  been  carried  out  in  this  work  for  differ¬ 
ent  modes  and  classified  according  to  length  of  journey,  making 
educated  guesses  for  the  average  journey  length  where  necessary. 
Results  are  gathered  in  Table  1. 

With  respect  to  vehicle  consumption,  data  have  been  obtained 
from  different  sources  [25,27,28],  but  mainly  from  Harvey  [29], 
which  gathers  abundant  information  about  the  energy  consump¬ 
tion  of  a  wide  variety  of  vehicles,  form  cars  and  trucks  to  airplanes, 
with  different  propulsion  technologies.  Vehicle  consumption  data 
can  be  provided  in  two  ways.  One  is  by  means  of  the  fuel  con¬ 
sumption  per  kilometer,  measured  in  MJ/km— commonly  known 
as  fuel  economy.  Once  vehicle  capacity  and  its  loading  are  known, 
fuel  economy  can  be  converted  into  the  energy  intensity  of  transport, 
measured  in  terms  of  MJ/p  km  or  MJ/t  km.  The  other  possibility  is 
to  characterize  vehicle  consumption  directly  measured  in  MJ/p  km 
or  MJ/t  km,  as  happens  when  characterizing  mass-transportation 
vehicles  such  as  trains,  ships  or  airplanes.  These  data  generally 
assume  specific  capacity  and  loading  coefficients,  which  may  have 
to  be  corrected  for  the  cases  under  study.  In  our  case,  all  the  data, 
sources  and  assumptions  are  reflected  in  Table  1. 

Our  energy  model  calculates  not  only  the  consumption  of  final 
energy  in  the  transport  sector,  but  also  the  primary  energy  required 
to  supply  that  final  energy.  Following  Harvey  [29],  our  model  con¬ 
siders  a  Primary  Energy/Final  Energy  ratio  of  1.2  for  all  fuels  except 
electricity,  for  which  a  ratio  of  2.13  has  been  used,  based  on  the 
information  provided  by  the  IEA  [30]  in  its  2008  energy  balances 
for  Spain.  Our  model  also  calculates  GHG  emissions  associated 
to  primary  energy  consumption.  For  oil  products  73.5gC02e/MJ 
are  considered;  that  factor  is  doubled  for  aviation  consumption 
in  order  to  reflect  a  much  higher  radiative  forcing  of  emissions 
in  high  altitudes  [31];  and  a  factor  of  108.3 gC02e/MJ  is  used 
for  electricity,  based  on  emission  levels  in  the  Spanish  electric 
system-390 gC02 /kWh  in  2008  [32]. 


In  order  to  check  out  the  correctness  of  the  assumptions  made, 
total  energy  consumption  given  by  our  model  has  been  compared 
with  other  aggregate  data  provided  by  the  Basque  Energy  Agency 
foryear2008  [33].  Similar  data  are  available  for  GHG  emissions  [34]. 
This  comparison  has  uncovered  some  faults  in  energy  accountancy 
related  to  transport  in  the  Basque  Country. 

First,  there  is  no  specific  calculation  of  energy  consumption 
in  the  reports  published  by  the  organizations  dependent  on  the 
Transport  Department  of  the  Basque  Government.  Every  energy 
data  is  directly  taken  from  the  reports  published  by  the  EVE,  but 
some  serious  faults  arise  in  those  reports:  strictly  following  EU’s 
methodology  for  the  accounting  of  energy  consumption  and  GHG 
emissions,  the  Basque  administration  does  not  take  into  account 
energy  consumption  and  emissions  from  international  shipping 
and  aviation  [35].  In  energy  balances,  final  energy  consumption 
never  includes  the  item  of  international  marine  bunkers,  which 
although  reflecting  international  shipping,  in  energy  account¬ 
ability  appears  always  subtracting  in  the  calculation  of  Total 
Primary  Energy  Supply  (TPES).  But  this  methodological— and  quite 
questionable— rule  must  be  corrected  when  accounting  aggregate 
consumption  data  in  the  transport  sector— when  accounting  the 
energy  balance  for  the  world  as  a  whole,  the  IEA  includes  inter¬ 
national  marine  and  aviation  bunkers  in  final  consumption  of  the 
transport  sector  [36].  Secondly,  something  similar  occurs  with 
GHG  emissions  data  related  to  international  aviation,  too,  as  these 
concepts  are  not  covered  by  the  Kyoto  Protocol.  But  this  lack  of  con¬ 
sistency  cannot  give  way  to  a  dishonest  underestimate  of  energy 
consumption  and  GHG  emissions.  To  avoid  these  faults,  our  model 
has  been  checked  against  the  energy  and  emissions  data  taking  into 
account  these  methodological  differences,  as  our  model  does  con¬ 
sider  international  shipping  and  aviation  with  origin  or  destination 
in  our  region  as  part  of  the  Basque  transport  sector.  For  non-local 
transport  of  any  mode,  journeys  accountable  for  the  Basque  trans¬ 
port  sector  are  considered  to  be  half  of  the  total,  as  we  consider  that 
the  other  half  should  be  charged  to  the  destination  territory. 

Data  provided  by  our  model  for  energy  consumption  and 
GHG  emissions  in  the  transport  sector  of  the  BAC  are  gathered 
in  Table  1.  People  and  freight  movement,  energy  consumption 
and  GHG  emissions  are  itemized  and  classified  by  passenger  or 
freight  transportation,  transport  modes,  journey,  propulsion  tech¬ 
nology  and  fuel.  The  set  of  exact  values  provided  by  our  model 
should  be  taken  just  as  an  approximation  to  the  real— and  probably 
inaccessible— ones,  and  the  significance  of  our  model  does  not  lie 
on  its  accuracy,  but  on  the  fact  that  their  parameterization  allows  to 
track  the  changes  in  aggregate  energy  consumption  when  specific 
changes  are  applied  to  the  ways  in  which  people  and  freight  are 
moved  in  our  country.  These  changes  and  their  implications  will  by 
analyzed  in  the  next  section. 

Although  the  exact  values  from  Table  1  should  be  taken  with 
prudence,  nevertheless  they  let  us  make  some  general  consider¬ 
ations  about  how  was  energy  consumed  in  2008  in  the  transport 
sector  in  the  BAC.  Some  aggregate  data  is  shown  in  Figs.  1-4. 

While  local  administrations  account  that  in  2008  energy  con¬ 
sumption  in  the  transport  sector  was  1905.5  ktoe,  our  model 
indicates  that  real  consumption  could  be  up  to  a  third  larger.  Simi¬ 
larly,  GHG  emissions  given  by  our  model  are  42%  larger  than  those 
provided  by  the  administration  (5705  ktC02),  although  it  must  be 
pointed  out  that  around  a  20%  increase  should  be  charged  to  the 
fact  that  we  have  estimated  GHG  emissions  from  primary  energy 
data— considering,  for  example,  that  the  consumption  of  1  kg  of 
gasoline  requires  an  additional  0.2  kg  of  gasoline-equivalent  to  be 
consumed  upstream  the  energy  chain. 

Moreover,  the  transport  sector  in  the  BAC  presents  character¬ 
istics  quite  similar  to  those  of  other  OECD  countries:  One  third  of 
consumption  corresponds  to  freight  transport;  an  insignificant  part 
of  the  energy  consumed  is  of  renewable  origin,  being  the  rest  crude 


Table  la 

Data  related  to  transport  of  people  in  the  BAC  for  year  2008. 


Transport  mode  & 

Journey 

Private/ 

Technology  &  fuel 

Passengers 

Average 

Transport 

Vehicle 

Loading 

Fuel 

Energy 

Final 

Primary/final  Primary 

GHG 

GHG 

vehicle 

public 

(millions) 

distance 

(mil- 

capacity 

(%) 

economy 

intensity 

energy 

energy  ratio 

energy 

emissions 

emissions 

transport 

(km) 

ion  p  km) 

(passengers) 

(MJ/km) 

(MJ/pkm) 

(ktoe) 

(ktoe) 

(gC02e/MJ) 

(tC02e) 

Intracomarcal 

SI-ICE/Gasoline 

249.4a 

5b 

1247 

4 

30.5%e 

2.12f 

1.73 

51.48 

1.2f 

61.78 

73. 5f 

158.92 

CI-ICE/Diesel 

1413. la 

5b 

7066 

4 

30.5%e 

1.92f 

1.57 

264.49 

1.2f 

317.38 

73. 5f 

816.47 

Intercomarcal  & 

SI-ICE/Gasoline 

67.2a 

40b 

2686 

4 

30.5%e 

2.12f 

1.73 

110.90 

1.2f 

133.08 

73. 5f 

342.35 

Road/Cars  &  Light 

Intraprovincial 

Private 

CI-ICE/Diesel 

380. 5a 

40b 

15,221 

4 

30.5%e 

1.92f 

1.57 

569.76 

1.2f 

683.72 

73. 5f 

1758.86 

Trucks 

Interprovincial 

SI-ICE/Gasoline 

9.9a 

80b 

790 

4 

30.5%e 

2.12f 

1.73 

32.60 

1.2f 

39.13 

73. 5f 

100.65 

CI-ICE/Diesel 

55.9a 

80b 

4475 

4 

30.5%e 

1.92f 

1.57 

167.51 

1.2f 

201.01 

73. 5f 

517.10 

National 

SI-ICE/Gasoline 

6.9a 

175b 

1205 

4 

30.5%e 

2.12f 

1.73 

49.77 

1.2f 

59.72 

73. 5f 

153.64 

CI-ICE/Diesel 

39.0a 

175b 

6831 

4 

30.5%e 

1.92f 

1.57 

255.69 

1.2f 

306.83 

73. 5f 

789.33 

Road/Bus  &  Coach 

Intracomarcal 

Cl- 

66.7a 

5b 

333 

85 

20%e 

19.25b 

1.13 

8.98 

1.2f 

10.78 

73. 5f 

27.74 

Intercomarcal  & 
Intraprovincial 

ICE/Diesel 

47. 7a 

40b 

1909 

55 

20%e 

12.25b 

1.11 

50.62 

1.2f 

60.75 

73. 5f 

156.27 

Rail/Metro 

Intracomarcal 

Public 

Electric 

motor/Electricity 

86.3 

6.33 

546.4C 

550c 

23%c 

46.96c 

0.37c 

4.85 

1.025f 

4.97 

0.0f 

0.00 

Rail/Tram 

Electric 

2.96a 

2.71 

8.0b 

192d 

20%b 

23.50f 

0.61 

0.12 

2.13h 

0.38 

108.3b 

0.53 

(EuskoTran) 

Intercomarcal 

motor/Electricity 

Rail/Train  (RENFE) 

Electric 

motor/Electricity 

25.79a 

30b 

773.6 

300b 

30%b 

180.00 

0.60f 

11.05 

2.13h 

23.55 

108.3b 

50.28 

Rail/Train  (FEVE) 

Diesel- 

electric/Diesel 

1 .5 1 a 

15b 

22.6 

300b 

30%b 

420.00 

1.40f 

0.75 

1.2f 

0.90 

73. 5f 

2.32 

Rail/Train 

Electric 

17.94a 

10b 

179.4 

300b 

30%b 

180.00 

0.60f 

2.56 

2.13h 

5.46 

108.3b 

11.66 

(EuskoTren) 

motor/Electricity 

Air/Airplane 

National 

Turbojet/Kerosene 

3.5a 

244a 

853.1 

125 

70  %b 

357.14 

2.86f 

58.04 

1.2f 

69.64 

147.0f 

358.31 

International 

Turbojet/Kerosene 

l.la 

400a 

440 

125 

70%b 

357.14 

2.86f 

29.93 

1.2f 

35.92 

147.0f 

184.80 

Seaborne/Ship 

Diesel- 

1.80a 

500a 

89.8 

80%b 

1.25s 

2.67 

1.2f 

3.21 

73. 5f 

8.25 

electric/Fuel-oil 


SI:  Spark  Ignition;  Cl:  Compression  Ignition;  ICE:  Internal  Combustion  Engine. 
a  Source:  [24]. 
b  Educated  guess. 
c  Source:  [25]. 
d  Source:  [26]. 
e  Source:  [28]. 
f  Source:  [29]. 

5  Source:  [27]. 
h  Source:  [30]. 
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Table  lb 

Data  related  to  transport  of  freight  in  the  BAC  for  year  2008. 


Transport  mode  & 

Journey 

Technology  &  fuel 

Passengers 

Average 

Transport 

Vehicle 

Loading 

Fuel 

Energy 

Final 

Primary/final 

Primary 

GHG 

GHG 

vehicle 

(millions) 

distance 

(mil- 

capacity 

(%) 

economy 

intensity 

energy 

energy  ratio 

energy 

emissions 

emissions 

(km) 

lion  t  km) 

(t) 

(MJ/km) 

(MJ/tkm) 

(ktoe) 

(ktoe) 

(gC02e/MJ) 

(tC02e) 

Road/Cars  &  Light 

Intracomarcal  - 

CI-ICE/Diesel 

17.64a 

10b 

176.4 

5 

85%b 

6.38 

1.50c 

6.30 

1.2C 

7.56 

73. 5C 

19.45 

Trucks 

Intramunicipal 
Intercomarcal  - 

CI-ICE/Diesel 

59,182a 

50b 

2959 

5 

85%b 

5.53 

1.30c 

91.59 

1.2C 

109.91 

73. 5C 

282.74 

Road/Heavy 

Intermunicipal 

National  -  Origin  in  BAC 

CI-ICE/Diesel 

26,063a 

156a 

4054 

28 

85%b 

17.85 

0.75c 

72.40 

1.2C 

86.88 

73. 5C 

223.50 

Trucks 

National  -  Destination  in 
BAC 

International  -  Origin  in 
BAC 

International  - 

CI-ICE/Diesel 

24,41 0a 

156a 

3797 

28 

85%b 

17.85 

0.75c 

67.81 

1.2C 

81.37 

73. 5C 

209.33 

CI-ICE/Diesel 

2620a 

500b 

1310 

28 

85%b 

16.66 

0.70c 

21.83 

1.2C 

26.20 

73. 5C 

67.40 

CI-ICE/Diesel 

3208a 

500b 

1604 

28 

85%b 

16.66 

0.70c 

26.73 

1.2C 

32.08 

73. 5C 

82.53 

Destination  in  BAC 

Rail/Train  (RENFE) 

Intercomarcal 

Electric  motor/Electricity 

4379.2a 

47. 5b 

208.1 

85%b 

0.30c 

1.49 

2.13d 

3.17 

108.3b 

6.76 

Rail/Train  (FEVE) 

Intercomarcal 

Diesel-electric/Diesel 

1053. 6a 

133. 6b 

140.8 

65%b 

0.50c 

1.68 

1.2C 

2.01 

73. 5C 

5.17 

Rail/Train 

Intercomarcal 

Electric  motor/Electricity 

183.3a 

39.2b 

7185.4 

85%b 

0.30c 

0.05 

2.13d 

0.11 

108.3b 

0.23 

(EuskoTren) 

Air/Airplane 

National 

Turbojet/Kerosene 

ll,087a 

200b 

2.22 

15.00c 

0.79 

1.2C 

0.95 

147.0C 

4.89 

International 

Turbojet/Kerosene 

27,145a 

1045b 

28.35 

15.00c 

10.13 

1.2C 

12.15 

147.0C 

62.52 

International  - 
Unloadings 

Diesel-electric/Fuel-oil 

30,969a 

2137b 

66,189 

0.25c 

393.98 

1.2C 

472.78 

73. 5C 

1216.22 

Seaborne/Ship 

International  -  Loadings 

Diesel-electric/Fuel-oil 

1  l,737a 

2137b 

25,086 

0.25c 

149.32 

1.2C 

179.19 

73. 5C 

460.96 

National  -  Local  traffic 

Diesel-electric/Fuel-oil 

1265a 

60b 

75,912 

0.47c 

0.85 

1.2C 

1.02 

73. 5C 

2.62 

National  -  Provisioning 

Diesel-electric/Fuel-oil 

192. 7a 

100b 

19.27 

0.25c 

0.11 

1.2C 

0.14 

73. 5C 

0.35 

National  -  Fishing 

Diesel-electric/Fuel-oil 

7.7a 

500b 

3850 

0.47c 

0.04 

1.2C 

0.05 

73. 5C 

0.13 

SI:  Spark  Ignition;  Cl:  Compression  Ignition;  ICE:  Internal  Combustion  Engine. 
a  Source:  [24]. 
b  Educated  guess. 
c  Source:  [29]. 
d  Source:  [30]. 
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oil  derivates;  just  over  one  tenth  of  people  transportation  is  public 
transit;  and  almost  one  half  (45%)  of  all  transport  crosses  regional 
borders— national  (Spanish)  and  international  transport. 

Regarding  freight  transport,  heavy  trucks  in  the  BAC  deliver 
much  of  the  merchandize  that  in  other  countries  is  carried  by  train. 
The  preponderance  of  ship  transport  is  mainly  due  to  the  fact  that 
more  than  half  of  the  freight  received  in  the  commercial  port  of 
Bilbao  corresponds  to  LNG  and  oil  products  that  feed  a  regasifica¬ 
tion  terminal  and  Petronor,  one  of  the  biggest  refineries  in  Spain. 
With  respect  to  transportation  of  people,  private  vehicles  are  dom¬ 
inant.  A  significant  part  of  that  transit,  though,  corresponds  to  local 
journeys. 

3.  Future  scenarios  in  the  transport  sector  aimed  at 
reducing  energy  consumption 

Our  model  allows  us  to  explore  future  scenarios,  based  on  the 
parameterization  of  the  consumption  calculated  following  formu¬ 
las  (1)  and  (2).  This  work  has  explored  five  different  scenarios: 

1.  Efficient  Scenario.  Following  present  trends  in  efficiency  and 
without  any  ground-breaking  innovation,  significant  reductions 
in  consumption  are  achieved  in  less  than  two  decades.  Although 
this  scenario  implies  important  improvements  in  technology 
and  would  require  investment  budgets  to  renew  transport 
infrastructure,  it  is  supposed  to  be  feasible  and  a  good  reference 
for  the  near  future. 

2.  Electrification  Scenario.  Massive  electrification  of  cars  and  rail¬ 
way  vehicles  is  achieved,  with  all  other  vehicles  corresponding 
to  the  Efficient  Scenario.  This  scenario  gives  us  some  clues  about 
the  potential  of  a  massive  use  of  electricity  in  transport,  and 
would  imply  major  changes  in  electricity  demand  and  distribu¬ 
tion,  a  profound  renewal  of  private  vehicles,  and  should  force  us 
to  rearrange  our  mobility  habits,  as  electric  vehicles  offer  in  gen¬ 
eral,  due  to  the  limited  energy  density  of  batteries,  much  more 
limited  ranges  than  other  propulsion  technologies. 


People 

44.7  x  10"  pkm 
1,672  ktoe 
66.4% 


Buses  & 
2.4% 


Cars  &  Light  Trucks 
59.7% 


Ships 


21.6% 


Ar  planes 
0.4% 


Trains 


0.1% 


Cars  & 


Light  Trucks 

/ 


Freight 

105.7  x  10"tkm 
845  ktoe 
33.6% 


Fig.  1.  Breakdown  by  transport  mode  of  final  energy  consumption  in  transport  in 
2008. 
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Fig.  2.  Breakdown  by  journey  of  final  energy  consumption  in  transport  in  2008. 
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Fig.  3.  Breakdown  (%  and  ktoe)  of  different  energy  carriers  in  final  energy  consump¬ 
tion  of  transport  in  2008. 


3.  Electrification  &  Renewables  Scenario.  Like  the  previous,  but  all 
the  electricity  consumed  in  transport  is  generated  from  renew¬ 
able  energy  fluxes. 

4.  Public  Transport  Scenario.  As  shown  in  Table  1  and  Figs.  1  and  4, 
private  vehicles  with  quite  low  occupancies  account  for  almost 
90%  of  final  energy  consumed  when  moving  people,  and  more 
than  half  of  all  energy  consumption  in  transport.  In  this  sce¬ 
nario  a  profound  transformation  for  the  transportation  of  people 
is  envisaged.  By  means  of  it,  energy  consumption  is  reduced 
and  homogenized  in  terms  of  MJ/pkm  throughout  all  transport 
modes  of  people  on  land,  due  mainly  to  the  increase  of  vehicle 
occupancy. 

5.  Relocalization  Scenario.  In  our  globalized  world  transportation 
is  highly  linked  to  economic  activity.  Nevertheless,  as  will  be 
shown  later  economic  and  transport  activities  have  increased 
at  quite  different  rates  during  the  last  decades,  and  actually 
many  administrations  state  a  firm  decision  to  decouple  eco¬ 
nomic  growth  from  increases  in  transport.  In  this  scenario  the 
transport  intensity  of  the  economy  recovers  the  levels  seen  in 
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Fig.  4.  Breakdown  of  final  energy  consumption  in  transport  in  2008,  classified  by 
several  general  criteria. 
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Spain  forty  years  ago,  when  hypermobility  [37]  was  not  as  spread 

as  today. 

The  scenarios  explored  in  this  work  do  not  precisely  define 
any  desired  target  to  be  reached  in  the  near  future.  Actually,  as 
will  be  seen,  many  characteristics  of  each  scenario  remain  open 
and  undefined,  as  remain  highly  unknown  the  transition  paths— in 
some  cases  quite  revolutionary— that  should  be  followed  by  eco¬ 
nomic  agents,  administrations  and  society  in  general.  As  we  are 
convinced  that  climate  change  mitigation  and  energy  scarcity— this 
last  one  especially  in  the  Basque  Country,  with  an  external  depen¬ 
dence  of  95%  of  TPES— will  set  a  major  burden  to  transport  in  the 
near  future,  we  will  focus  on  the  energetic  implications  of  the 
assumptions  made  in  each  scenario;  and  our  main  concern  will  be 
the  technological  viability  of  every  condition  assumed.  Most  of  the 
technological  paths  and  possible  evolutions  assumed  in  this  work 
have  been  taken  from  Harvey  [29]  and  references  given  in  that  text. 

3.2.  Efficient  Scenario 

In  this  scenario  significant  reductions  in  energy  consumption 
are  achieved  in  less  than  two  decades,  thanks  to  efficiency  improve¬ 
ments  that  may  follow  present  trends  (see  Table  2). 

In  the  future  air  transportation  will  continue  to  be  the  most 
energetically  intensive,  although  improvements  in  efficiency, 
reductions  in  airplane  weight  and  others  may  reduce  energy  inten¬ 
sity  up  to  10%  from  2008  through  2020. 

Although  ship  propulsion  is  already  quite  efficient,  in  seaborne 
transportation  a  24%  reduction  of  energy  intensity  is  achievable 
from  2008  through  2020  if  speeds  are  systematically  reduced  by 
10%  (from  Harvey  [29];  and  coherent  with  [38],  recently  published). 

With  respect  to  rail  transport,  the  Efficient  Scenario  assumes 
that  trains  with  internal  combustion  engines  (ICE)  could  reduce 
their  energy  intensity  by  20%  due  to  improvements  in  diesel 
engines,  while  electric  trains— which  already  present  quite  high 
efficiencies— would  reduce  energy  consumption  by  just  5%,  down 
to  energy  intensities  only  clearly  beaten  by  ship  transport. 

Road  transport  with  big  vehicles— heavy  trucks  for  freight,  buses 
and  coaches  for  people— could  withstand  a  significant  53%  reduc¬ 
tion  on  energy  intensity  thanks  to  a  series  of  improvements  all 
over  the  energy  chain  involving  a  variety  of  factors  such  as  aerody¬ 
namics,  engine  and  transmission  technology,  speed  reductions  and 


Fig.  5.  Primary  energy  consumption  in  transport  for  the  analyzed  scenarios. 


others.  This  reduction  in  consumption  is  important,  but  not  that 
much  if  compared  with  the  35%  reduction  that  is  expected  for  2020 
in  some  business-as-usual  scenarios  (BAU). 

In  respect  to  road  transport  by  car,  our  model  has  assumed, 
based  on  the  literature  and  forcing  aggregate  results  to  match  with 
data  given  by  local  administrations,  that  in  2008  the  average  fuel 
economy  of  cars  in  the  BAC  was  circa  2.0MJ/km,  or  6.6L/100km 
for  gasoline  engines  (spark  ignition  ICE)  and  5.5  L/lOOkm  for  diesel 
engines  (compression  ignition  ICE).  While  in  a  BAU  scenario  fuel 
economy  should  be  reduced  down  to  1.5  MJ/km  by  2020,  our  Effi¬ 
cient  Scenario  supposes  a  more  intense  reduction  of  30.5%  down  to 
1.39  MJ/km  by  means  of  increasing  engine  and  transmission  effi¬ 
ciency,  and  reducing  loads. 

But  ICE  cars  are  not  the  only  option  nowadays.  Hybrid  elec¬ 
tric  vehicles  (HEV)  show  fuel  economies  slightly  better  than  ICE 
cars,  and  are  expected  to  be  reduced  by  almost  a  half  by  2020. 
Electric  vehicles  will  be  probably  used  in  their  plug-in  hybrid  ver¬ 
sion  (PHEV),  with  a  fuel  economy  of  0.5  MJ/km  when  running 
on  electricity,  and  1.5  MJ/km  when  running  on  gasoline.  Global 
fuel  economy  should  be  very  dependent  on  the  range  desired 
for  the  vehicle,  as  the  range  on  electricity  will  continue  to  be 
limited  by  battery  capacity.  As  a  high  penetration  of  electric  vehi¬ 
cles  should  carry  with  it  important  changes  not  only  in  electric 
infrastructure  but  also  in  mobility  habits  due  to  reduced  ranges 
of  electric  vehicles,  the  Efficient  Scenario  will  suppose  that  pri¬ 
vate  electric  vehicles  remain  being  marginal,  and  that  all  road 
transport  is  supported  by  very  efficient  cars  with  advanced  ICE 
engines. 

This  way,  important  reductions  could  be  reached  in  the  Effi¬ 
cient  Scenario  for  both  energy  consumption  and  GHG  emissions. 
As  shown  in  Figs.  5-9,  supposed  that  transportation  demand  is  not 
changed,  both  primary  and  final  energy  consumption  in  the  trans¬ 
port  sector  in  the  BAC  would  be  reduced  a  little  over  29%  when 


Table  2 

Energy  consumption  parameters  for  each  transport  mode  in  the  Reference  Scenario  (2008)  and  in  the  Efficient  Scenario. 


Transport  mode 

2008 

2020  trend 

Efficient  Scenario 

Internal  Combustion  Engine  (ICE) 

2.0  MJ/km  (2.2  MJ/km  in  2000) 

1.5  MJ/km 

1.39  MJ/km 

30.5%  reduction  from  2008 

Hybrid  Electric  Vehicle  (HEV) 

1.8  MJ/km  (2.0  MJ/km  in  2000) 

0.97  MJ/km 

Plug-in  Hybrid  Electric  Vehicle  (PHEV) 

1.50  MJ/km  (gasoline) 

0.50  MJ/km  (electric) 

Bus/Coach  (ICE) 

1.1  MJ/pkm 

0.73  MJ/p  km 

0.53  MJ/p  km 

35%  reduction 

53%  reduction 

Heavy  Truck  (ICE) 

0.70-0.75  MJ/t  km 

0.46-0.49  MJ/t  km 

0.33-0.35  MJ/t  km 

35%  reduction 

53%  reduction 

Train  with  ICE 

1.40  MJ/pkm 

1.12  MJ/p  km 

0.50  MJ/t  km 

0.40  MJ/t  km 

20%  reduction  due  to  improvements  in  Diesel  engines 

Electric  Train 

0.6  MJ/pkm 

0.3  MJ/t  km 

0.57  MJ/p  km 

0.28  MJ/t  km 

5%  reduction 

Ship  (ICE) 

1.25  MJ/pkm 

0.95  MJ/p  km 

0.25-0.47  MJ/t  km 

0.1 9-0.36  MJ/t  km 

24%  reduction  for  2008-2020  (37%  2000-2020) 

Airplane  (Turboprop) 

2.86  MJ/pkm 

15.00  MJ/t  km 

2.57  MJ/p  km 

13.50  MJ/t  km 

10%  reduction  for  2008-2020  (20-25%  for  1995-2030) 
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Fig.  6.  Final  energy  consumption  in  transport  for  the  analyzed  scenarios. 


Fig.  7.  GHG  emissions  related  to  transport  for  the  analyzed  scenarios. 
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Fig.  8.  Contribution  of  renewable  energy  to  primary  supply  for  transport  in  the 
analyzed  scenarios. 


Spanish  electric  grid  are  nowadays  higher  than  those  from  the 
combustion  of  oil  derived  fuels— 108  gC02/MJ  and  74gC02/MJ, 
respectively,  when  compared  in  a  final  energy  basis—,  more  effi¬ 
cient  electric  motors  would  allow  a  net  reduction  of  emissions. 
Besides,  in  this  scenario  only  a  fraction  of  electricity  would  come 
from  the  exploitation  of  renewable  energy  fluxes.  Although  almost 
a  third  of  all  generation  into  the  Spanish  electric  system  is  nowa¬ 
days  of  renewable  origin,  renewable  generation  in  the  BAC  is  close 
to  marginal— generation  is  mainly  based  on  natural  gas  combined 
cycles— and  our  model  has  left  a  strong  development  of  renewable 
electricity  for  another  scenario. 

This  way,  the  electrification  of  land  transport  would  imply  that 
almost  54%  of  all  final  energy  consumed  would  be  electricity: 
5TWh/year  for  the  transportation  of  people,  and  1.9TWh/year  for 
freight  transport.  As  a  reference,  the  final  consumption  of  electric¬ 
ity  in  the  BAC  in  2008  was  1 6.29  TWh1 ;  so  this  scenario  of  profound 
electrification  would  demand  for  an  equivalent  of  more  than  40% 
of  the  electricity  consumed  in  all  other  sectors. 

The  much  higher  demand  of  electricity  expected  in  this  Elec¬ 
trification  Scenario  would  have  to  be  previously  generated  and 
distributed.  This  would  obviously  demand  new  infrastructures  and 
investments  in  the  electric  sector,  but  not  only  there.  All  ICE  vehi¬ 
cles  would  have  to  be  renewed  to  electric  propulsion,  which  would 
require  a  deep  reconversion  of  the  whole  automotive  industry.  At 
last  but  not  least,  massive  electrification  of  private  vehicles  on  road 
would  demand  behavioral  changes,  as  cars  would  have  shorter 
ranges  and  would  need  much  longer  battery-refilling  times. 


Fig.  9.  Electricity  consumption  in  transport  for  the  analyzed  scenarios. 


compared  to  consumption  in  year  2008.  That  in  turn  would  imply 
a  28.4%  reduction  of  GHG  emissions. 

3.2.  Electrification  Scenario 

This  scenario  explores  the  reduction  margin  for  energy  con¬ 
sumption  in  the  transport  sector  if  every  movement  of  people  and 
freight  on  land  were  made  with  electrified  vehicles.  Our  assump¬ 
tions  for  road  transport  in  this  scenario  are  that  all  cars  and  small 
trucks  are  electric  and  have  an  energy  economy  of  0.5  MJ /km.  Heavy 
trucks  and  buses  would  not  reduce  energy  intensity  when  com¬ 
pared  to  the  Efficient  Scenario,  although  all  energy  consumed  in 
vehicles  would  be  in  the  form  of  electricity.  All  rail  transport  would 
be  converted  into  electric,  which  shows  lower  energy  costs.  Air 
and  sea  transport  characteristics  would  be  those  of  the  Efficient 
Scenario. 

Under  these  conditions  our  model  suggests  that  final  energy 
consumption  could  be  reduced  by  56.5%  when  compared  to  the 
Reference  Scenario  (2008),  or  an  additional  27%  if  compared  to  the 
Efficient  Scenario.  The  reduction  would  be  mainly  due  to  the  fact 
that  electric  vehicles  are  significantly  more  efficient  than  those  with 
ICEs.  But  electricity  has  to  be  generated  and  provided  to  vehicles 
from  other  primary  energy  carriers,  so  energy  consumption  has  to 
be  also  checked  in  a  primary  energy  basis.  In  that  case,  the  reduction 
of  primary  energy  demand  is  less  significant:  38.7%  when  compared 
to  the  Reference  Scenario,  and  just  9.6%  below  that  in  the  Efficient 
Scenario. 

GHG  emissions  would  be  also  significantly  reduced,  almost 
52%  when  compared  with  2008.  Although  emissions  levels  in  the 


3.3.  Electrification  &  Renewables  Scenario 

This  scenario  is  an  evolution  of  the  previous  one,  in  which  all  the 
electricity  is  generated  from  renewable  energy  fluxes.  In  this  case 
final  energy  consumption  would  not  change,  but  the  use  of  renew¬ 
able  sources  would  further  reduce  primary  energy  consumption, 
as  energy  chains  that  provide  electricity  from  renewable  fluxes  are 
much  shorter  and  thus  more  efficient  than  those  based  on  fossil 
fuels.  Primary  energy  demand  would  be  60%  less  than  in  the  Refer¬ 
ence  Scenario,  and  31%  less  than  in  the  Efficient  Scenario  (Table  3). 

Under  these  circumstances  just  half  of  primary  energy  con¬ 
sumed  for  transport  would  be  electricity  of  renewable  energy; 
and  its  generation  would  be  a  major  challenge,  but  not  impos¬ 
sible.  According  to  Ekman  [39],  2.5  out  of  2.8  million  cars  in 
Denmark  could  be  electric  vehicles  and  fed  from  wind  energy 
following  a  vehicle-to-grid  scheme  by  year  2050.  In  the  Basque 
Country,  if  the  almost  7  TWh  needed  annually  to  feed  electric 
transport  were  to  be  generated  by  wind  farms  or  solar  photo¬ 
voltaic  (PV)  systems,  3.5  GW  of  wind  capacity— assuming  an  annual 
productivity  of  2000  h— or  4.7  GW  of  PV  systems— supposing  a  pro¬ 
ductivity  of  1 500  h  annually— would  be  required  somewhere.  These 
magnitudes  contrast  with  the  forecasts  and  plans  of  the  Basque 
Government  [22]  for  wind  energy,  which  in  its  most  optimistic  sce¬ 
nario  would  increase  from  present  155  MW  up  to  1.4  GW  in  2020. 
And  2.5  GW  of  PV  systems,  with  an  energy  density  of  50W/m2, 
would  demand  5000  hectares  of  land,  or  a  tenth  of  all  already  arti- 
ficialized  land  in  the  BAC  in  2008  (50,000  ha). 

3.4.  Public  Transport  Scenario 

The  main  element  of  this  scenario  is  a  strong  commitment  to 
public  transportation  of  people.  Promotion  of  public  transport  is 
classically  acknowledged  as  a  quite  straight  way  to  reduce  energy 
consumption  in  transport,  as  energy  intensity  of  mass  transit  tends 


1  A  nuclear  plant  with  1  GW  of  power  and  a  capacity  factor  of  85%  generates 
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Table  3 

Energy  consumption  parameters  for  each  transport  mode  in  the  Electrification  Scenario. 


Transport  mode 

2008 

Electrification  Scenario 

Internal  Combustion  Engine  (ICE) 

2.0  MJ/km  (2.2  MJ/km  in  2000) 

Not  used 

Hybrid  Electric  Vehicle  (HEV) 

1.8  MJ/km  (2.0  MJ/km  in  2000) 

Not  used 

Plug-in  Hybrid  Electric  Vehicle  (PHEV) 

1.50  MJ/km  on  gasoline 

0.50  MJ/km  on  electricity 

Bus/Coach  (ICE) 

1.1  MJ/p  km 

0.53  MJ/p  km  (Efficient  Scenario,  but  all  electricity)  53%  reduction 

Heavy  Truck  (ICE) 

0.70-0.75  MJ/t  km 

0.33-0.35  MJ/t  km  (Efficient  Scenario,  but  all  electricity)53%  reduction 

Train  with  ICE 

1.40  MJ/p  km 

0.50  MJ/t  km 

Not  used 

Electric  Train 

0.6  MJ/p  km 

0.3  MJ/t  km 

0.57  MJ/p  km 

0.28  MJ/t  km  5%  reduction  (Efficient  Scenario) 

Ship  (ICE) 

0.25-0.47  MJ/t  km 

0.1 6  MJ/t  km  (Efficient  Scenario) 

0.30  MJ/t  km 

Airplane  (Turboprop) 

2.86  MJ/p  km 

15.00  MJ/t  km 

2.57  MJ/p  km  (Efficient  Scenario) 

13.50  MJ/t  km 

Table  4 

Energy  consumption  parameters  for  each  transport  mode  in  the  Electrification  Scenario  (energy  consumption  in  terms  of  MJ/km  is  maintained  for  each  transport  mode  in 
both  scenarios). 

Transport  mode 

2008  Scenario 

Public  Transport  Scenario 

Loading 

Energy  intensity 

Loading 

Energy  intensity 

Cars  (ICE) 

30.5% 

1.14  MJ/p  km 

85% 

0.41  MJ/p  km 

Bus  &  Coach 

20% 

0.53  MJ/p  km 

30% 

0.35  MJ/p  km 

Metro 

23% 

0.35  MJ/p  km 

23% 

0.35  MJ/p  km 

Tram 

20% 

0.89  MJ/p  km 

45% 

0.40  MJ/p  km 

Train 

30% 

0.57-1.12  MJ/p  km 

45-65% 

0.38-0.52  MJ/p  km 

to  be  lower  than  that  of  private  cars.  But  as  can  be  seen  in  Table  4, 
where  energy  consumption  parameters  for  each  transport  mode 
on  land  in  the  Reference  (2008)  and  the  Public  Transport  Scenar¬ 
ios  are  compared,  it  is  possible  to  reduce  energy  intensity  just  by 
means  of  increasing  the  occupancy  of  vehicles;  actually,  a  fully 
loaded  efficient  car  could  even  consume  less  energy  per  passen¬ 
ger  and  kilometer  than  a  bus  or  a  train  with  the  average  loading 
(30-40%).  Therefore,  the  increase  of  loading  factors  of  small  vehi¬ 
cles  is  as  important  as  the  change  from  private  small  vehicles  to 
bigger  ones.  This  would  imply  a  massive  use  of  carsharing  and 
carpooling  schemes. 

Down  to  which  level  could  be  reduced  energy  intensity  using 
these  strategies?  In  our  Public  Transport  Scenario  it  will  be  sup¬ 
posed  that  all  transport  modes  have  converged  to  a  very  similar 
energy  intensity,  mainly  by  readjusting  the  average  occupancy  fac¬ 
tors  in  vehicles  in  each  transport  mode.  The  chosen  value  has  been 
0.4  MJ/p  km,  in  the  range  assumed  by  Gilbert  and  Perl  [27]  for  future 
transport  and  local  public  transport  in  China  and  the  USA  in  year 
2025.  As  shown  in  Table  4,  this  would  imply  an  increase  of  the 
average  loading  factor  of  cars  from  30.5%  in  2008  up  to  85%  in  the 
future.  Loading  factors  should  be  also  slightly  increased  in  other 
transport  modes.  The  singularity  of  this  scenario  is  that  if  all  modes 
converge  to  a  similar  energy  intensity,  possible  changes  from  one 
transport  mode  to  another  would  not  change  aggregate  data  of 
energy  consumption,  which  greatly  simplifies  its  calculation. 

This  way,  if  all  road  transport  modes  for  people  converge  to  an 
energy  intensity  of  0.4  MJ/p  km,  independently  of  how  is  transport 
organized  and  assuming  that  this  would  entail  almost  a  full  load¬ 
ing  of  small  road  vehicles  with  ICE  engines,  then  both  primary  and 
final  energy  could  decrease  57%  when  compared  to  that  of  the  Ref¬ 
erence  Scenario.  This  rearrangement  of  transport  would  also  allow 
to  reduce  GHG  emissions  55.3%. 

3.5.  Relocalization  Scenario 

Although  transportation  is  highly  linked  to  economic  through¬ 
put,  economic  and  transport  activities  have  increased  at  quite 
different  rates  during  the  last  decades.  Table  5  shows  the 


different  evolution  of  transport  of  people  and  freight  in  Spain  and 
in  the  European  Union  from  1970  until  2008  [40].  While  inflation 
adjusted  GDP  has  doubled  in  Spain  for  that  period  [41  ],  transport  in 
general  has  increased  much  more:  Freight  transportation  has  mul¬ 
tiplied  by  4.1  in  the  same  period;  land  transport  of  people  by  4.2; 
and  marine  freight  transport  at  world  level  has  multiplied  by  3.1. 

In  this  scenario  the  economic  transportation  intensity  is 
assumed  to  recover  the  levels  seen  in  Spain  forty  years  ago, 
when  hypermobility  was  not  as  spread  as  today.  This  way,  the 
Relocalization  Scenario  supposes  that  economic  activity  of  the 
Reference  Scenario  (2008)  is  maintained,  but  with  the  economic 
transportation  intensity  of  1970.  As  road  transport,  for  example, 
has  multiplied  by  4.6  in  that  period,  but  the  economy  has  only 
doubled,  road  transport  should  be  corrected  by  a  factor  f=  2/4.6; 
or  reduced  by  57%.  Applying  the  same  rule,  seaborne  transport 
should  be  reduced  in  this  scenario  by  35%.  For  air  transport  there 
is  no  available  data;  but  as  air  transport  will  probably  be  one  of  the 
first  victims  of  oil  depletion  in  an  energy  constrained  world,  a  90% 
reduction  has  been  assumed. 

With  these  assumptions,  final  and  primary  energy  consump¬ 
tion  and  related  GHG  emissions  could  be  reduced  by  two  thirds 
(66-67%). 

3.6.  Scenario  with  all  options  exploited  in  order  to  reduce  GHG 
emissions  and  energy  consumption 

In  this  last  scenario,  all  previous  options  for  reducing  energy 
consumption  in  the  transport  sector  are  combined.  This  scenario 
assumes  that  following  present  trends,  and  without  ground¬ 
breaking  technological  innovations,  all  propulsion  technologies 
improve  efficiencies  with  reductions  in  fuel  economy  that  range 
from  5%  for  electric  trains  up  to  53%  for  heavy  trucks  and  buses 
with  diesel  motors.  Presence  of  ICE  engines  in  road  vehicles, 
though,  would  be  minimal  in  this  scenario,  as  road  transport 
would  be  completely  electrified.  This  would  allow  for  important 
reductions  in  final  energy  consumption,  as  electric  vehicles  would 
be  more  efficient  (0.5MJ/km  for  cars)  than  the  most  efficient  ICE 
vehicles.  In  this  scenario  electricity  would  come  completely  from 
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Table  5 

Evolution  of  transport  of  people  and  freight  in  Spain  and  in  the  European  Union  between  1970  and  2008. 


Transport  mode 

Unit 

Spain 

European  Union 

1970 

2008 

2008/1970 

1970 

2008 

2008/1970 

Railway 

1 06 1  km 

10.3 

10.3 

xl.O 

507.6 

426.7 

x0.8 

Road 

1 06 1  km 

51.7 

238.7 

x4.6 

396.2 

1699.5 

x4.3 

Pipeline 

1 06 1  km 

1.0 

9.1 

x9.1 

80.3 

120.1 

xl.5 

Freight— Total 

1 06 1  km 

63.1 

258.1 

x4.1 

1095.2 

2389.1 

x2.2 

Railway 

1 09  p  km 

15.0 

24.0 

x  1.6 

301.3 

407.5 

xl.4 

Car 

1 09  p  km 

64.3 

339.1 

x5.3 

1458.2 

4392.8 

x3.0 

Bus  &  Coach 

1 09  p  km 

20.9 

60.9 

x2.9 

337.9 

500.9 

xl.5 

Road 

1 09  p  km 

85.3 

400.0 

x4.7 

1796.1 

4893.7 

x2.7 

People— Total 

1 09  p  km 

100.2 

424.0 

x4.2 

2097.4 

5301.1 

x2.5 

Transport  mode 

Unit 

World 

GDP  change  (inflation  adjusted) 

1970 

2008 

2008/1970 

Freight— Seaborne 

1 09 1  miles 

10,441.2 

32,352.9 

x3.1 

EU 

x2.7 

Spain 

x2.0 

renewable  energy  sources,  reducing  even  more  the  dependence 
on  fossil  fuels  commonly  used  in  electric  generation  (natural  gas, 
coal)  and  helping  to  reduce  GHG  emissions.  Important  reductions 
in  energy  consumption  would  be  achieved,  also,  by  a  massive 
conversion  of  people  movement  on  land  from  private  small  cars  to 
public  transport.  In  this  last  case,  reaching  complete  occupancies  of 
cars  by  carpooling  and  carsharing  schemes  would  be  also  a  viable 
way  to  reduce  energy  intensity  down  to  a  convergence  value  of 
0.4MJ/pkm  for  all  modes  on  land.  Finally,  this  scenario  supposes 
that  the  economy  would  undergo  a  relocalization  process  by 
means  of  which  economic  transportation  intensity  would  return 
to  the  values  seen  in  Spain  forty  years  ago,  with  a  socioeconomic 
situation  prior  to  the  globalization  processes  suffered  in  the  world 
during  the  last  two  decades.  This  would  imply  reducing  road 
transport  by  57%,  sea  transport  by  35%  and  air  transport  by  90%. 

Under  these  circumstances  consumption  of  final  energy  in  the 
transport  sector  could  be  reduced  by  78%  when  compared  to  con¬ 
sumption  in  the  BAC  in  that  sector  in  2008.  The  supply  of  primary 
energy  for  transport  could  be  reduced  by  more  than  80%,  and  GHG 
emissions  would  be  reduced  by  89%.  Electricity  from  renewable 
sources  would  sum  up  to  almost  a  half  of  all  final  energy  consumed 
in  transport,  or  3  TWh  of  electricity. 

3.7.  Some  words  about  biofuels 

The  reader  has  probably  noted  that  our  scenarios  have  not  con¬ 
sidered  the  possibility  to  substitute  liquid  fuels  of  fossil  origin 
(diesel,  gasoline,  kerosene)  with  biofuels  obtained  from  biomass. 
In  principle,  our  position  is  that  the  exploitation  of  biofuels  on 
a  large  scale  using  sustainable  schemes  is  more  than  disputable 
due  to  their  very  low  energy  return  on  energy  invested  (EROEI) 
[42].  Nevertheless,  if  we  assume  that  it  is  possible  to  obtain  biofu¬ 
els  sustainably  with  a  net  productivity  of  one  tonne  equivalent  of 
oil  per  hectare  annually  (1  toe/ha  year)— complete  sustainability  is 
quite  difficult  to  check,  if  not  impossible  in  the  case  of  biomass,  but 
that  value  seems  to  be  a  good  reference  [43]—,  taken  into  account 
that  diesel  and  kerosene  demand  in  the  last  scenario  would  be 
276  ktoe— compared  to  2487  ktoe  in  the  Reference  Scenario—,  the 
complete  substitution  of  fossil  liquids  with  biofuels  would  demand 
a  land  surface  of  2760  km2  to  be  dedicated  to  the  production  of 
biofuels  for  transport.  If  we  consider  that  the  BAC  has  a  surface  of 
7534  km2,  it  should  be  clear  that  only  a  small  fraction  of  the  final 
demand  of  fuels  could  we  substituted  with  the  local  production  of 
biofuels.  Oil  depletion  will  force  society  to  consume  much  less  liq¬ 
uid  fuels  in  transport,  and  sustainability  will  probably  call  for  even 
farther  reductions  if  these  fuels  have  to  be  derived  from  biomass. 


4.  Conclusions 

The  analysis  of  the  previous  scenarios  allows  to  draw  some 
general  conclusions  about  the  viable  ways  that  society  may  take 
to  reduce  energy  consumption  in  the  transport  sector.  Although 
our  analysis  is  based  on  the  specific  conditions  of  the  Basque 
Autonomous  Community,  many  ideas  can  be  generalized. 

Fossil  energy  depletion  and  climate  change  mitigation  will 
force  society  to  reduce  fossil  energy  consumption  in  such  a 
proportion— no  less  than  85%,  and  probably  closer  to  95%  by  year 
2050— that  every  option  to  reduce  consumption  will  be  abso¬ 
lutely  indispensable.  There  is  no  “silver  bullet”  of  technological 
nature  capable  of  reducing  energy  consumption  as  much  as  needed. 
Improvements  in  efficiency  could  provide  reductions  of  almost  a 
third  of  total  final  energy,  but  that  is  not  enough.  Complete  elec¬ 
trification  of  land  transport  could  reduce  primary  energy  demand 
for  transport  between  40%  and  60%,  depending  on  the  fraction  of 
renewable  energy;  in  a  100%  renewable  scenario  GHG  emissions 
could  be  cut  by  almost  80%,  but  that  would  ask  for  a  40%  increase 
in  the  final  demand  of  electricity  in  the  whole  economy. 

But  there  are  other  routes  not  so  linked  to  changes  in  propul¬ 
sion  technology  and  energy  carriers.  The  first  one  would  be,  in  road 
transport,  to  do  without  the  use  of  cars  with  very  low  occupan¬ 
cies,  in  favor  of  other  transport  modes  with  much  lower  energy 
intensities— being  these  mass  transit  or  just  personal  vehicles  with 
high  occupancies.  The  potential  reductions  to  be  reached  by  this 
route  could  be  comparable  to  those  brought  by  electrification. 
And  finally,  the  straightest  route  to  reduce  energy  consumption 
in  transport  would  be  to  reduce  the  demand  for  transport  in  the 
economy.  Taken  into  account  that  ours  is  the  society  of  hyper¬ 
mobility,  a  reduction  of  the  economic  transportation  intensity 
down  to  the  values  correspondent  to  the  socioeconomic  climate 
in  Southern  Europe  four  decades  ago  would  allow  to  double  the 
reductions  provided  by  efficiency  improvements.  If  this  impor¬ 
tant  reduction  in  transport  demand  were  complemented  with  the 
previous  routes,  then  required  reductions  of  energy  consumption 
and  GHG  emissions  might  be  reached.  But  this  would  ask  for  a 
thorough  transformation  of  modern  civilization  in  which  not  only 
engineers  working  in  propulsion  technologies  and  renewable  gen¬ 
eration  should  be  involved,  but  also  city  planners,  economists, 
policy  makers  and  society  as  a  whole. 
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